This work aimed to recognize the reproductive biology of the epiphytic bryofl ora of phorophytes of Virola surinamensis (Rol. ex. Rottb.) Warb. in várzea and igapó forests in the Caxiuanã National Forest, to answer the following question: The reproductive period of the bryophyte species is infl uenced by the environment due the climatic seasonality present in fl ooded forests, being higher the occurrence of the sexual and asexual reproduction in the rainiest months? The bryophytes were identifi ed and analyzed for the type of reproduction, sexual system and reproductive structures. In total, 502 samples of bryophytes were analyzed, resulting in 54 species, of which 34 were fertile. The comparison of the fertility of the species in different environmental conditions (dry or rainy, and igapó or várzea forest) was assessed using the chi-square test. The fertility of the seven studied species could not be defi ned by a pattern, considering the forest type and the seasonality. However, two species were associated to the forest type and two further species to the seasonality, showing that, for some bryophyte species, invest in constant fertility may be favoring the maintenance of their populations in tropical forests.
INTRODUCTION
The studies on the reproductive periods of plants are crucial to understand the success of the populations, since these events will ensure the survival and the establishment of young individuals (Ferraz et al. 1999) . It is believed that the organisms can increase their ability, maximizing fecundity rates and enlarging their survival chances in different environments, and for this, life strategies and adaptations need to be developed in specifi c environmental contexts (Hedderson and Longton 1996) .
The relation between the growth events through a time period and the reproduction in the life cycle of a species is the study object of the phenology (Rathcke and Lacey 1985) . The seasonality of these events and the existence of different phases characterize the phenological studies (Rathcke and Lacey 1985 , Stark 2002 , Glime 2007 . The understanding of these phases is critical to interpret the aspects of the reproductive ecology, as well as the characteristics related to the production of spores and propagules, and the longevity of individuals of a species (During 1979 , Stark 2002 .
The bryophytes have different strategies for their reproduction and the studies on this subject have risen through the last decades (Lloret Maya 1987 , Oliveira and Pôrto 1998 , 2001 , LaakaLindberg 2005 , Maciel-Silva and Válio 2011 , Maciel-Silva et al. 2013 . The reproduction of bryophytes can be sexual (gametophytic and sporophytic phase) or asexual (with production from the gametophyte, gemmae, propagules, and other structures) (Vanderpoorten and Goffinet 2009) . Although both types of reproduction can be expressed in a species, there are those, especially the dioicous, which are limited to reproducing asexually (Frey and Kürschner 2011) .
The species do not share the same strategy for reproduction, since the patterns of maturation of the reproductive structures respond to different periods and environmental conditions (Glime 2007) . The studies on the bryofl ora from temperate and Arctic regions indicate that some bryophytes remain dormant during the winter, while others use this time to reproduce (Glime 2007) . In the tropics, the studies demonstrate that, even with the absence of a cold season, the presence of environmental factors such as precipitation, may cause effects on the sexual expression of some species (Glime 2007, Maciel-Silva and Válio 2011) . Studies in tropical regions demonstrated the adaptation of the reproductive phenophases of bryophytes species evidencing a seasonal alternation between rainy and dry seasons (Egunyomi 1979 , Makinde and Odu 1994 , Oliveira and Pôrto 2001 .
In Brazil, the works performed on the reproductive biology of bryophytes are concen trated in the Atlantic Forest biome (Oliveira and Pôrto 1998 , 2001 , Maciel-Silva and Válio 2011 , Maciel-Silva et al. 2012 . The reproductive behavior parameters of bryophytes in two different habitats of dense ombrophilous forest, in the Atlantic Forest were investigated by Maciel-Silva et al. (2013) . The latter authors found a continuous sexual expression over the period of study, but with evidence of some differences in the maturation of the gametangia and production of sporophytes. The knowledge of these parameters to other biomes and forest formations are still unknown, such as in the Amazon. Because of its remarkable seasonality, it is expected that the production of sexual branches, sporophytes and asexual structures also alternate between periods of high and low rainfall in the Amazon, since bryophytes depends on moisture for reproduction (Glime 2007) .
Among the various forest types represented in the Amazon, known for its remarkable species richness and high endemism level (Mittermeier et al. 1992) , including bryophytes (Gradstein et al. 2001, Gradstein and Costa 2003) , stand out the floodable forests, represented mainly by várzea and igapó. These two forest types differ by being, respectively, periodical and permanently fl ooded, besides presenting contrasting quantities of sediments and organic material, as well as, having different geological origin (Melack and Hess 2010, Junk et al. 2011) . One of the factors that contribute to the confi guration of these forests is the characteristic rainfall of the Amazon biome (Souza et al. 2009 , Wittmann et al. 2006 .
To formulate the question of the present study we considered the effects of the rainfall, which contribute to the success of the sexual reproductive cycle in bryophytes, favor the self-fertilization and the formation of the sporophytes, as well as provide moisture to the development of the asexual diaspores. Additionally, we considered the results of works carried out in other tropical forests, which demonstrated that the sexual expression of the bryophytes responds to seasonality. Therefore, the present study aimed to recognize the seasonality of reproduction of the epiphytic bryoflora of phorophytes of Virola surinamensis (Rol. ex.
Rottb.) Warb. in várzea and igapó forests in the Caxiuanã National Forest, to answer the following question: The reproduction period of the bryophyte species is infl uenced by the environment due to the sazonality in the fl ooded forests? Thus, the sexual and assexual reproduction is favored in months with higher rainfall?
MATERIALS AND METHODS
The botanical material was collected in fl ooded forests in the Caxiuanã National Forest, located in the interfl uve between Xingu and Tocantins rivers, in the municipalities of Portel and Melgaço (01° 42' 30" S, 51° 31' 45" W; 62 m elevation), in Pará State, Brazil. The climate of the region, according to the Köppen classifi cation, is tropical monsoon climate "Am" and climate subtype with a short dry season (Oliveira et al. 2008) . The average annual temperature is 25.7 ± 0.8 °C and the average annual relative humidity is 82.3% (Oliveira et al. 2008) . Rainfall in FLONA Caxiuanã between the months of July 2013 and June 2014 ranged from 65.3 mm to 324.11, respectively (A.C.L. Costa et al., unpublished data).
The vegetation of the Caxiuanã National Forest consists of dense ombrophilous forests (mainland forests -85%); alluvial dense ombrophilous forests (igapó and várzea forests -10%); enclaves of meadow and savanna vegetations, and spots of secondary vegetation (Almeida et al. 2003) .
The várzea forests in Caxiuanã National Forest are seasonally fl ooded due to annual and daily tidal fl uctuation by small igarapés and especially by the Caxiuanã bay. This forest has open canopy and the underforest presents species of the arboreous component in natural regeneration . Those are forests flooded by rivers with higher bulk of sediments and the soils are classifi ed as Plinthosols, poorly drained and with a higher proportion of nutrients (Piccini and Ruivo 2012).
The igapó forests are seasonally fl ooded due to annual fl uctuation of the rivers and streams of black water and also by daily tidal fl ooding. It has the most closed canopy and dense vegetation in the underforest, characterized by species of Araceae, Cyperaceae and Rapateaceae , C.C.S. Souza et al., unpublished data). The soils are classifi ed as Gleysols, with conditions of poor drainage and nutrients and high fragility (Piccini and Ruivo 2012).
The collections of bryophytes were performed in the várzea and igapó forests, within the plots of the Programa de Pesquisas Ecológicas de Longa Duração (two plots of 100 x 100 m in each forest) and surrounding areas. The Virola surinamensis phorophyte was chosen due to its high density of individuals in both forests (Ferreira et al. 2005) , and in order to avoid variations if more than one phorophyte was chosen and to ensure the replicas of the sample units.
The excursions to carry out the collections occurred in July, September and November 2013 (period of lowest precipitation -dry) and February, April and June 2014 (period of higher precipitation -rain), totaling six excursions. We collected 255 samples of bryophytes in the várzea and 247 in the igapó forest.
The botanical samples were taken on the trunks of the trees, in a standardized way, using the dimensions of 20 x 20 cm, as suggested by Frahm (2003) , measured with a mold made of Styrofoam material. The method for the collection is according to that proposed by Lisboa (1993) . Only phorophytes with diameter at breast height (DBH) above 20 cm were chosen for sampling, which was always held at a height of 1.30 m from the ground, face to the east side.
The specimens were identifi ed with the aid of taxonomic keys elaborated by Griffi n III (1979), Lisboa (1993), Ireland and Buck (1994) , Gradstein et al. (2001) , Lemos-Michel (2001) , Gradstein and Costa (2003) , Gradstein and Ilkiu-Borges (2009 ), Ilkiu-Borges and Lisboa (2000 , 2004 , and was incorporated in the herbarium MG. GABRIELA R. CERQUEIRA, ANNA LUIZA ILKIU-BORGES and LEANDRO V. FERREIRA During the identification, it was observed the presence of reproductive structures (sexual or assexual) on the specimens. The fertility term, as adopted in the present paper, indicates the presence of any structure developed to forming another plant. We observed how was the type of reproduction (sexual or asexual), what was the sexual system (monoicous or dioicous), and what structures were produced in both types of reproduction. From the sexual reproduction was noted the presence of male and female sexual branches and open or closed sporophytes. From the asexual reproduction was noted the presence of the following structures: gemmae, propagules, and caducous leaves. The sexual systems were defi ned based on the identifi ed material and data available in the literature.
We compared the occurrence of fertile individuals of each species of bryophytes in different environmental conditions, dry or rain and igapó or várzea forest, using the chi-square test. This test is appropriate to compare the relation between two binary variables, giving an indication of the correlation between two of these conditions (Zar 2010) .
The chi-square test was performed at the species level. Due to power constraints of the statistical test and its presuppositions, we analyzed only species with a number of occurrences equal to or greater than 20 and that had cases of fertility in the two environments or stations. The species that did not meet these requirements were evaluated descriptively.
RESULTS AND DISCUSSION
We analyzed 502 samples of bryophytes and found 54 species, distributed in 13 families. Of the 54 identified species, 34 were fertile (Table SI Only seven species fulfi lled the prerequisites to be analyzed for fertility, with which was held the chi-square test (Table II) . Two species, Calymperes lonchophyllum and Ceratolejeunea cubensis, presented a higher occurrence of fertile plants in the rainy period. Thus, the hypothesis that the period favored the sexual expression of bryophytes was confi rmed only for these two species. Besides the constant humidity in the two studied forest types, which are fl ood forest in a region where even in the dryer periods there are rain, it is believe that the functional characters and the own natural history of the species may have contributed for this result. Still, such parameters where not analyzed in the present paper. A similar result was found for Calymperes erosum and Radula javanica concerning their fertility in relation to the forest type. The other studied species presented fertility constant, independent of the period and/or the forest type, which indicates an opportunist strategy adopted by some species in tropical forest, as those environments possess warm temperatures and high water availability, providing that these plants produce constantly sexual structures (Oliveira and Pôrto 1998 , Maciel-Silva and Válio 2011 .
Similar results, concerning the constant sexual expression, were obtained by a monitoring of bryophytes for 15 months in two forests in the Atlantic Forest (at sea level with periodic fl ooding and in a mountain forest with constant presence of fog) (Maciel-Silva and Válio 2011).
The sexual reproduction was the most frequent type of reproduction, observed in 25 species (Figure  1) , while four species presented reproduction by means of caducous leaves and propagules. Five species presented both forms of reproduction.
The sexual reproduction allows the exchange of genetic material, offering the possibility of genetic variation forming different genotypes, stimulating the evolution by favoring, for example, adaptations to changing ecological conditions (Frey and Kürschner 2011). The asexual reproduction, while not contributing to genetic variation, has great importance for the maintenance of regional populations, in the colonization and maintenance of the habitats by the bryophytes (Frey and Kürschner 2011).
The dioecious and monoecious were frequent occurring in 17 and 15 species respectively, while two species presented both sexual systems (Table  SI) . Both monoecious and dioecious liverworts were often found with perianth and androecia, which may represent a balance between the male and female colonies and promote the maintenance of the epiphytic liverwort populations in the studied forests. Regarding the mosses, were observed 10 sporophytes, distributed in four species: two monoicous acrocarpous (Fissidens guianensis with fi ve sporophytes and F. prionodes with just one) and two monoicous pleurocarpous (Leucomium strumosum and Pilotrichum bipinnatum with two sporophytes each). The monoicous mosses are often found with higher production rates of sporophytes than the dioicous and it is believed that the proximity between the gametangia on the branches of monoicous species facilitates, independent of the habitat, the fecundation and subsequent growth of the sporophytes Schuster 1983, Oliveira and Pôrto 1998) . In the monoicous species, although the self-fertilization prevents genetic exchange, it ends up being a way to guarantee that sexual reproduction occurs Schuster 1983, Oliveira and Pôrto 1998) .
Among mosses, in general, the dioicous condition is considered as being primitive, however, dioicous bryophytes may have difficulties that prevent the fertilization, because of the distance that can exist between the male and female populations, associated with the problem of the maturation not always synchronic of the gametangia (Longton and Schuster 1983 , Bowker et al. 2000 , Stark et al. 2005 , 2010 . The probability of fertilization in dioicous acrocarpous mosses are low, due to a single unisexual branch being produced at the apex of the branches per growth period (La Farge 1996) .
The information helps in the understanding of two most common acrocarpous mosses found in the study area (Calymperes erosum and C. lonchophyllum). The two species were reproducing exclusively asexually through propagules at the leaf apex (propaguliferous leaves), since both are dioicous (Oliveira and Pôrto 1998 ) and sporophytes were not observed. Among the Calymperaceae species, the sexual reproduction and the formation of sporophytes are rare conditions (Sharp et al. 1994) , so that, as obtained in this study and already reported in the literature, asexual structures are developed to ensure the production of new gametophytes. The majority of moss species is capable of undergoing the asexual reproduction of the gametophytes, which will produce specialized vegetative diaspore or will do this by regeneration from gametophyte fragments (Hedderson and Longton 1996) .
The fi ve species with both types of reproduction are all liverworts (Lejeunea tapajosensis, Lepidolejeunea involuta, Rectolejeunea berteroana, Radula javanica and Plagiochila montagnei). Among the liverworts this behavior allows quick occupation of the substrates, particularly on epiphytes, since the presence of numerous gemmae enable the species to spread vegetatively and establish on the vertical substrates, increasing their survival chances (Glime 2007 , Bastos 2008 . It is believed that the vegetative reproduction processes are a safe strategy for the production of new individuals, considering the diffi culties that may prevent the sexual process (Laaka-Lindberg 2000) . In addition, the asexual diaspores provide possibilities of survival face the unfavorable environmental conditions, as well as assist the reestablishment of the bryophytes in a habitat after changing of the environmental conditions (Frey and Kürschner 2011).
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RESUMO
Este trabalho teve como objetivo conhecer a biologia reprodutiva da briofl ora epífi ta de forófi tos de Virola surinamensis (Rol. ex. Rottb.) Warb. na várzea e igapó na Floresta Nacional de Caxiuanã, para responder à seguinte pergunta: O período de reprodução das espé-cies de briófi tas é infl uenciado pelo ambiente devido a sazonalidade climática presente em fl orestas inundadas, sendo maior a ocorrência da reprodução sexuada e assexuada nos meses mais chuvosos? As briófi tas foram identifi cadas e analisadas quanto ao tipo de reprodução, sistema sexual e estruturas reprodutivas. No total, foram analisadas 502 amostras de briófi tas, resultando em 54 espécies, das quais 34 eram férteis. A comparação da fertilidade das espécies em diferentes condições ambientais (seca ou chuva e igapó ou várzea) foi avaliada pelo teste do qui-quadrado. A fertilidade das sete espécies testadas não pode ser defi nida por um padrão, com relação aos tipos de fl orestas e aos períodos. Entretanto, duas espécies foram associadas ao período com chuvas e outras duas espécies ao tipo de fl oresta, o que revela que, para algumas espécies de briófi tas, investir na fertilidade constante pode estar favorecendo a manutenção das suas populações em fl orestas tropicais.
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